ABSTRACT The gophertortoise tick, Amblyomma tuberculatum (Marx), is distributed throughout the southeastern United States, and its immature life stages have been reported to occasionally bite humans. Here we report detection of a novel spotted fever group (SFG) Rickettsia in A. tuberculatum ticks collected in the southern United States. Among questing ticks collected in Georgia, 10 pools of larvae were identiÞed as gophertortoise ticks, A. tuberculatum. Each of these samples was positive for SFG Rickettsiae. The restriction fragment-length polymorphism proÞles were identical to each other, but distinct from those of other rickettsiae previously found in Amblyomma spp. ticks. Partial genetic characterization of the novel agent was achieved by sequencing the 17 kDa, gltA, ompB, ompA, rpoB, and sca4 genes. Analysis of a concatenated tree of four genes (gltA, ompB, ompA, and sca4) demonstrates close relatedness of the detected Rickettsia to several SFG Rickettsia spp. The identical rickettsial DNA was detected in 50 and 70% of adult A. tuberculatum ticks from Mississippi and Florida, respectively. The results indicate wide distribution of a novel Rickettsia, capability for transovarial transmission, and high prevalence in tested tick populations.
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In the United States, Amblyomma americanum (L.) and A. maculatum (Koch) attract major attention as the most prevalent human-biting tick species (Stromdahl et al. 2011) and are known to harbor Rickettsia amblyommii and R. parkeri, respectively (Castellaw et al. 2010 , Paddock et al. 2010 . However, other species of the genus Amblyomma also can attack humans and could potentially contain tick-borne pathogens. The gophertortoise tick, A. tuberculatum (Marx), is found in Florida, Georgia, South Carolina, and Mississippi (Williams et al. 1999 , Goddard 2002 . As A. tuberculatum larvae are occasionally found on people (Goddard 2002) , this species may be considered as a humanbiting tick. Here we report detection of a novel spotted fever group Rickettsia in A. tuberculatum ticks collected in Georgia, Mississippi, and Florida.
Materials and Methods
In the course of a CDC-UGA collaborative Þeld study in southern Georgia (Baker Co.), ticks were collected from all sources including people and trapped animals. Over 200 larvae removed from a personÕs clothes in 2009 were identiÞed as A. tuberculatum and tested for the presence of rickettsiae. Additionally, 20 samples, each containing two legs from individual alcohol-preserved voucher specimens of A. tuberculatum, were obtained from the Mississippi Museum of Natural Science, and 68 alcohol-preserved adult A. tuberculatum ticks were obtained from the University of Florida, College of Veterinary Medicine (Table 1) . Before testing for the presence of spotted fever group (SFG) rickettsiae, adult ticks were identiÞed using morphological keys (Cooney and Hays 1972) . Species identity of larval and adult ticks was additionally conÞrmed by sequencing of the 12S mitochondrial rDNA (Beati and Keirans 2001) .
DNA was extracted from 10 pools of larvae and individual adult tick samples using the Qiagen DNEasy Blood and Tissue kit (Qiagen Inc., Valencia, CA) according to the manufacturerÕs protocol of extracting DNA from tissues. Sample preparation included grinding ticks previously frozen in liquid nitrogen. Samples were tested for the presence of spotted fever group rickettsiae based on the ampliÞcation of a 114 bp fragment of the rickettsial gene encoding the 17 kDa protein using genus-speciÞc primers as follows. Two microliters of extracted DNA was combined with core reagents of a Stratagene Brilliant kit (Agilent Tech-nologies, LA Jolla, CA) in a 20 l reaction mixture containing primers R17K135 F (ATG AAT AAA CAA GGK CAN GGH ACA C), R17K249R (AAG TAA TGC RCC TAC ACC TAC TC) each at Þnal concentration of 10 M and a probe R17KBC (5TTG GTT CTC AAT TCG GTA AGG GTA AAG G3Ð5Ј Cal Red 610 3Ј BHQ2) at Þnal concentration of 80 M. The polymerase chain reaction (PCR) was performed on an iCycler iQ (Bio-Rad, Hercules, CA) using the following thermal cycler parameters: activation at 95ЊC for 8 min, followed by 40 cycles of 95ЊC for 15 s, 57ЊC for 60 s, followed by a 4ЊC hold. Genomic DNA from Rickettsia amblyommii was used as a positive control. Two no template controls (distilled water) were included on each plate. Tick extracts positive for SFG rickettsia were subjected to Restriction Fragment Length Polymorphism (restriction fragment-length polymorphism) analysis as described previously (Eremeeva et al. 1994) . Multiple locus sequence typing analysis of Rickettsia gene fragments included partial sequences of 17 kDa (Anderson and Tzianabos 1989) , gltA (Labruna et al. 2004 , Roux et al. 1997 , ompB (Roux and Raoult 2000) , ompA (Roux et al. 1996) , rpoB (Paddock et al. 2010) , and sca4 (Sekeyova et al. 2001) genes. An ABI PRISM 3.0 BigDye Terminator Cycle Sequencing kit (Applied BioSystems, Foster City, CA) was used for performing sequence reactions as recommended by the manufacturer. The amplicons were puriÞed using the Wizard SV gel and PCR clean-up system (Promega, Madison, WI) and sequenced on an Applied BioSystems 3130xl genetic analyzer.
Sequences were assembled using the DNASTAR Lasergene eight software package (DNASTAR, Inc., Madison, WI). Homologous sequences were detected using the National Center for Biotechnology Information (NCBI) Basic Local Alignment Sequence Tool Search Engine (BLAST). DNA sequences of closely related SFG rickettsiae representing validated and "Candidatus" species from NCBI GenBank were included in the anal- ysis. Sequence alignments were performed using ClustalW, and individual phylogenetic trees were drawn using MEGA4.0 software (Tamura et al. 2007 ). Four genes were concatenated (gltA-ompA-sca4-ompB) and a total of 4,663 bp were analyzed. Species for which analyzed sequences were unavailable could not be included into the concatenated tree. The nucleotide sequences generated during this study were deposited in the NCBI GenBank under the following accession numbers: JF934882 for the 17-kDa protein gene fragment, JF934883 for the gltA fragment, JF934880 for the rpoB, JF934878 for the ompA fragment, JF934879 for ompB, and JF934881 for sca4.
Results
All 10 larval pools of A. tuberculatum from the southern Georgia contained DNA of a SFG Rickettsia, and the sequence of 17 kDa protein gene was identical in all of them. Adult A. tuberculatum ticks from Mississippi and Florida contained rickettsial DNA with the prevalence of infection 50 and 70%, respectively. OmpA gene sequences of Rickettsia detected in ticks from Mississippi and Florida were identical to those from South Georgia. Prevalence of infection in ticks from the two states did not differ signiÞcantly (P ϭ 0.0716).
Analysis of the DNA sequences revealed that the most conserved 17 kDa, gltA and rpoB genes of the Rickettsia present in A. tuberculatum ticks showed the highest BLAST identity to the core SFG rickettsiae. The 1,181 bp gltA fragment of the novel Rickettsia demonstrated 100% identity to that of R. sibirica sibirica and 99% to other core SFG rickettsiae (Ͼ25 sequences), with 1Ð6 single-nucleotide polymorphisms (SNPs). The gltA sequence of the new Rickettsia also showed 100% identity to that of Rickettsia sp. Atlantic rainforest and R. parkeri strain ApPR which were identiÞed as closely related to R. parkeri Maculatum 20. Sequence of the rpoB gene (477 bp) fragment was 100% identical to the homologous gene of R. sibirica mongolotimonae and 99% identical to R. rickettsii, R. africae, R. conorii, R. parkeri, R. sibirica sibirica, R. peacockii, R. honei, R. slovaca, and R. massiliae . Partial sequences of ompB, sca4, and ompA genes of the detected Rickettsia demonstrated similar relatedness to the homologous genes of the core SFGR but with lesser degrees of identity: 97Ð99, 97Ð98, and 96Ð99%, respectively. Comparison of ompA gene sequence of the new Rickettsia to a recently described rickettsial endosymbiont of A. maculatum showed only 92% of identity (Paddock et al. 2010) . All individual phylogenetic trees constructed for each gene had, in general, a similar branch structure to the concatenated tree (Fig. 1) .
The restriction fragment-length polymorphism analysis of the fragment of the ompA gene was performed for the novel Rickettsia as well as for R. amblyommii and R. parkeri as the most common rickettsial agents in Amblyomma spp. ticks in southern United States. The restriction fragment-length polymorphism pattern of the novel Rickettsia in combination of RR190.70-RR190.701 primers and PstI enzyme was similar to that of R. parkeri (Fig. 2) . Differentiation of the detected Rickettsia from either R. amblyommii or R. parkeri was obvious in restriction fragment-length polymorphism combinations RR190.70-RR190.701 with Rsal (Fig. 2) as well as in combination RR190.70-RR190.602 with PstI and Rsal.
Discussion
Overall, a unique DNA sequence of a novel Rickettsia sp. has been detected in unfed larvae of A. tuberculatum removed from a personÕs clothes from the southern Georgia and partially characterized. The same agent was identiÞed in adult A. tuberculatum ticks collected in Mississippi and Florida. To our knowledge, this is the Þrst report of a Rickettsia sp. in the gophertortoise tick, A. tuberculatum. Based on the recommended criteria for naming of new rickettsiae (Raoult et al. 2005 ), at present, there is not enough data to designate the detected Rickettsia as a new species as the organism has not been isolated in cell culture. Therefore, only a Candidatus name "Rickettsia sp. from A. tuberculatum " can be designated at present time. The detected Rickettsia is closely related to several SFG rickettsiae pathogenic to humans, including R. parkeri, R. conorii, and R. africae. Our results demonstrate wide geographical distribution of the "Rickettsia sp. from A. tuberculatum " and a high prevalence within tested populations of the gophertortoise tick. Detection of the "Rickettsia sp. from A. tuberculatum" in unfed larvae indicates its capability for transovarial transmission. However, neither the ability of this Rickettsia for horizontal transmission, nor its pathogenicity and immunogenicity in vertebrate hosts are known at this time. Considering that A. tuberculatum may occasionally bite humans (Goddard 2002) , further studies on virulence and pathogenicity of the new Rickettsia, as well as the potential for human exposure, are warranted.
